
246

THE METROPOLITAN WATER-SUPPLY.
REPORT ON CHEMICAL AND BACTERIOLOGICAL EXAMINA-

TIONS FOR THE YEAR ENDING MARCH 31ST, 1909.

AN exhaustive report on the results of the chemical and
bacteriological examination of the London waters for the 12
months ending March 31st, 1909, has been drawn up by Dr.
A. C. Houston, director of water examination, Metropolitan
Water Board, and was presented at a meeting of the Board on
July 2nd.
The report is a very detailed one, and contains a great

number of carefully tabulated analyses in addition to an
admirable summary of these results and carefully drawn-up
conclusions. The following is an abstract of the more

important points contained in it.

I.-Meteorological Notes.
Meteorological notes, by Dr. H. R. Mill, are recorded, and

the relationship of the rainfall and general meteorological
conditions of the different months in the year to the average
daily flow of the river Thames and the bacteriological con-
dition of the raw Thames water is illustrated by a table
drawn up by Dr. Houston. March and April were the two
months of highest rainfall, and they were the months in
which the number of bacteria per cubic centimetre of raw
Thames water far exceeded the figures for the other months.
Dr. Houston points out that meteorological records are indis-
pensable not only for calculating the potential supply of
water but also on account of the important light they throw
on the seasonable variations in the physical, chemical, and
bacteriological qualities of the water. He makes the

very important statement that in his view unfavourable

meteorological conditions should not afford justification for
delivery into supply of imperfectly purified water.

II.&mdash;Statisties of Supply.
Dr. Houston adds a note of caution to the way in which

these figures should be interpreted. There must be adequate
storage capacity in the reservoirs both before and after
filtration. If there is inadequate service reservoir capacity
he points out the great liability there may be of too rapid
filtration which, of course, involves the danger of imperfect
bacteriological purification. Also it is pointed out that in con-
sidering the rate of filtration one must look not to the total
rate for a number of beds but to the rate of filtration of each
individual bed. One filter bed in which the rate of filtration
was too rapid might lead to the pollution of the water from
a number of other beds which were working satisfactorily at
a proper rate.

III.&mdash;Effect of Storage.
A very interesting part of the report is the important light

thrown on the enormous value of storage of water before
filtration. It is stated that in relation to danger to health
over-storage is believed to be impossible, and that it is
desirable to store a water before filtration for as long a time
as it is economically possible. The storage of water may
lead to inconvenience in filtration from the overgrowth of
alg&aelig; and other vegetable growths, since the beds become
blocked by the vegetable blanket which forms on the surface
of the sand in the filters. This difficulty has been overcome
in various ways ; thus in 1908 the addition of minute
amounts of copper sulphate had a great retarding effect on
vegetable growth in the water stored. Also, it has been
found that the mixture of a certain amount of unstored river
water with stored water prolonged the life of a filter-bed to
a great extent. Dr. Houston gives 20 conclusions as to

storage, all of which go to show the great value of this

process in the purification of water. One of these is very
striking: "The use of stored water goes far to wipe out the
gravity of the charge that the chief sources of London’s
water-supply are from sewage-polluted rivers."

IV.&mdash;Research Work.

Dr. Houston rightly insists that routine work systematic-
ally conducted in the Board’s laboratories is very important
research. During the year special researches have been
carried out thus : A first research report has been pub-
lished showing that if living typhoid bacilli are kept in raw
Thames, Lea, and New River water 99 9 per cent. perish
within one week. This result proves that the advantages
accruing from even a few days’ storage are so great that
there is no justification for the use for filtration purposes of

raw unstored river water. A second research report involved
a special search for the typhoid bacillus in samples (collected
weekly) of raw Thames, Lea, and New River water. These
results were negative, but Dr. Houston adds that negative
results of this kind cannot be regarded as absolutely con-
clusive. A special research report on the Vitality of the
Cholera Vibrio in Raw River Water is published and is dealt
with below.

V.&mdash;Bacteriological Results.
Raw water.&mdash;The averages for the 12 months were as

follows :-Raw Thames water, 2558 microbes per cubic centi.
metre : highest 8072, March; lowest 1107, July and February.
Raw Lea water, 8794 per cubic centimetre : highest 38,469,
March; lowest 1706, November. Raw New River water,
1118 per cubic centimetre : highest 3566, March; lowest
233, April. The worst month in each instance was March.
Dr. Houston states that in a gravitation scheme with a

superabundant source of supply and huge storage reservoirs
the amount abstracted for storage purposes should be in-

versely proportional to the current impurity of the water. In
the circumstances pertaining to the London supply this is
only possible in a partial sense, but attention must again be
drawn to the fact that the amount of river water abstracted
during the months when the river contains an excessive
number of bacteria is so large as to emphasise the desira-
bility of passing it through storage reservoirs antecedent to
its filtration.
A table is contained in the report showing for the Thames

and Lea waters the average number of bacteria per cubic
centimetre in the raw water for each month of the year and
the average daily quantity of water abstracted for water-
works purposes. The table shows that in the months of
March and April where the bacterial figures are very high
the abstraction figures by no means follow the desirable rule
of being inversely proportional to the bacterial impurity.

Filtered water (including Kent and Lea Valley unfiltered
water).-The following statement indicates that the ex-

clusive (i.e., exclusive of samples containing 100 or more

microbes per cubic centimetre) figures for the filtered waters
were small, and the percentage reduction effected by the
processes of subsidence and filtration remarkably good as is
shown below :-

Too much stress, it is added, must not be laid on per-
centage reduction of microbes. The worse the raw water,
the easier it is to obtain a final filtrate yielding satisfactory
results on the basis of percentage purification. The order of
merit based on the exclusive figures for the filtered waters is
as follows :&mdash;

Average Average
number of number of
microbes microbes
per c.c. per c.c.

Kent ............... 5’3 West Middlesex ...... 12’3
New River ............ 6-1 Chelsea ............ 14’6
Lambeth ............ 7’0 East London (Thames)... 17’6
Southwark and Vauxhall 9’3 East London (Lea)...... 18’9
Grand Junction ...... 9’9 Kempton Park ...... 19’7

Tests for Special Organisms.
Bacillus enteritidis sporogenes.-
Ranv waters.&mdash;40.3 ; 59 - 6 ; 82. 6 per cent. of the samples

of New River, Thames, and Lea water respectively yielded
positive results with 100 cubic centimetres of the water.

Filtered waters.&mdash;Only 3 per cent. of the samples of filtered
waters yielded positive results with 100 cubic centimetres of
water. Dr. Houston points out that negative results do not
necessarily imply safety as regards the particular organism
examined.

Typical bacillus coli tests.-
Ran water.-The results, judged by this test, were unsatis-

factory, having regard to the fact that the rivers Thames
and Lea are known to be seriously polluted with sewage and



247

that there is every reason to suppose that the majority of i

the bacilli coli found in the raw waters are of human
excremental origin. The average numbers of typical bacilli
coli per cubic centimetre were calculated as follows: river
Thames, 15 ; river Lea, 25 ; and New River, 1.

Filtered maters.&mdash;The following table shows the average
number of typical bacilli coli per 1000 cubic centimetres of
filtered water :-

Typical B. coli
per 1000 c.c of

water.

Kempton Park ........................... 1

Kent, Chelsea, East London (Lea), New River, 2
Lambeth, Grand Junction ..................

West Middlesex, Southwark and Vauxhall ...... 3
East London (Thames) ..................... 137
Lea derived water, New River derived water ...... 2
Thames derived waters ..................... 3
All London waters ........................ 2

Dr. Houston adds that without pushing these figures too
far it may be said that, taking the London waters as a whole,
the improvement effected by subsidence and filtration was
6850 times.

VI.&mdash;Chemical Resitlts.
The results of periodical analyses of the various raw and

filtered waters are carefully tabulated for each month. The

purifying effect of subsidence and filtration is well shown by
the figures given for the albuminoid nitrogen test and for the
oxygen absorbed from permanganate. In each case the figures
for the filtered waters are less than half those of the raw
waters. The differences between the chemical analyses of
raw and filtered waters are, of course, much less striking
than the remarkable differences between the bacterial figures
given for these two classes of water, the reason being that
the chemical impurities are in solution.

Dr. Houston draws the following conclusions from thE
results of the various investigations made during the year :-

Conclusions.
Raw Water.

1. The unsatisfactory quality of the raw waters, particularly during
the winter months.

2. The importance of judicious selection of raw water for waterworks
purposes.

3. The doubt whether the raw waters, even during the best months of
the year, are sufficiently free from impurities to be filtered without
antecedent storage.

4. The importance of possessing as full knowledge as possible of the
multiple pollutions of the rivers Thames and Lea.

Storage.
5. The unequal, and in some cases inadequate, duration of storage in

connexion with the Board’s different works.
6. The difference between " active and passive storage," and the

great importance of active storage from the epidemiological point of
view.

Filtration.
7. The unequal, and in some cases too rapid, rate of filtration at the

different works.
Service Reservoirs.

8. The small size of the service reservoirs leading in some cases to
variable rates of filtration during the 24 hours.

Filtered Water.
9. The variable and in some cases not altogether satisfactory quality

of the water as delivered to the consumers from the different works, and
the general deterioration in the results during the winter months of the
year.

10. The remarkable percentage improvement in the quality of the
raw water effected by the processes of storage and filtration.

11. The satisfactory quality, generally speaking, of the metropolitan
water-supply as judged by average results, and more particularly by tht
results obtained during the summer months of the year.

12. The importance of bringing the worst results more closely int(
agreement with the best results by endeavouring to reduce the mani
fold pollutions of the rivers Thames and Lea, by judicious selection o
raw water for waterworks purposes, by the active utilisation of storage
reservoirs, and by proved slow filtration at a uniform rate, through san<
of sufficient fineness and depth.

13. Eighteen experiments have been carried out on the longevity of th
typhoid bacillus in samples of raw Thames, Lea, and New River water
and the results showed that in practically all the experiments ove
99 per cent. of the typhoid bacilli artificially added to the experiment!
water died within one week. Nevertheless, in the majority of th
experiments a very few of the typhoid bacilli remained alive for one (
two months (see First Report on Research Work). A report on tb
vitality of the cholera vibrio in raw river water will be published at tl
same time as this report. The results show that the cholera vibrio di,
more quickly than the typhoid bacillus in water. The obvious co
elusion is that, whilst it may be difficult to store raw river water f,
such a length of time that, even if the river water did initially conta’
typhoid bacilli, their death would be absolutely certain to take plac
there is no difficulty in storing it sufficiently long to reduce enormous
any element of danger likely to arise from this cause; hence tl
extreme undesirability of ever using unstored raw river water f
filtration purposes.

14. The results of the examination of river water antecedent a
subsequent to storage, carried out during the last 20 months, cleal

prove that, apart from the question of algal growths, the advantages to
be gained by adequate storage are of a general and material kind, and
are not limited merely to the elimination of pathogenic bacteria.

15. It is now possible to judge by comparatively simple tests and with
reasonable accuracy, whether raw river water has been stored for a
length of time, sufficing to ensure destruction of all (or nearly all)
typhoid bacilli (and inferentially also of other microbes, causing water-
borne disease) if these happened to be present originally in the water.
This distinctive and valuable knowledge is arrived at by correlating the
results of tests dealing with the longevity of the typhoid bacillus in raw
river water, with those showing the length of time that raw river water
must be stored before it exhibits certain changes in its original composi-
tion. Hence a new factor has arisen in the work of examining the
London waters, which is believed to be of primary importance.
Briefly, dependence is now being placed more and more on experimental
proof that the water reaching the filter beds, as the result of adequate
storage, is in a reasonably "safe" condition antecedent to filtration.

16. Certain recent investigations tend to make one look with rather
less disfavour than previously on the present sources of water-supply.
In the first place the extreme difficulty experienced in isolating f&aelig;cal

streptococci from one cubic centimetre of the raw waters is a point in
their favour (see pp. 12-14, December, 1908, Report). Secondly, the fact
that no typhoid bacilli have been found in the raw waters despite the
use for a period of 12 months of the most recent and searching tests for
this microbe, is a matter worth noting (see Second Report on Research
Work). Negative evidence, however, in experiments of this kind, is apt
to be unconvincing; still, it can be said with confidence that the nature
of the negative evidence which has been accumulated is of a much less
inconclusive character than any previously brought forward.
These remarks, however, must not be read as implying that any

relaxation in the existing processes of purification of the river water by
means of storage and filtration, is justifiable.

17. Lastly, it needs to be remembered that it is not only necessary to
reduce the pollutions of the rivers Thames and Lea and to store, as well
as to filter, the raw water in a satisfactory manner. It is also necessary
to guard against the possibility of accident. In this connexion questions
of drainage, health of workmen, suction of impure water into water
mains, laying of new mains, alterations to existing mains, condition of
service reservoirs, &c., deserve attention.

Fourth Report on Research TVork,.
This report deals with the vitality of the cholera vibrio in

’ artificially infected samples of raw Thames, Lea, and New
’ River water, with special reference to the question of

storage. Dr. Houston states that he is content to abide by
the general view held that cholera is liable to be water-borne
and that Koch’s cholera vibrio is the microbe which conveys
the disease. He mentions the cholera epidemic which was
raging in Russia in 1908 and in the present year, and

g alludes to the possibility of cholera being conveyed to this
a country from Russia or India, although there is a first line of

defence owing to the vigilance of the Local Government
)f Board, port sanitary authorities, rivers boards, and medical
Lt officers of health, which may prevent contamination of our
,e water-supplies. Dr. Houston says that the ravages of

cholera in the past forbid the belief that our insular position
and temperate climate afford us sufficient protection from

in this disease.

Eighteen experiments were carried out, namely-six with
raw Thames water collected at Hampton, six with raw Lea
water collected at Ponder’s End, and six with raw New River
water collected at Hornsey. These waters were inoculated
with large numbers of living cholera vibrios from artificial
cultures, and the samples were tested at weekly intervals by
various methods and in different media for the cholera
vibrios. In every case at the end of one week the per-
centage reduction of microbes present was over 99’ 9 per cent.,
and in every case at the end of three weeks it was found

impossible to isolate any cholera organisms from 100 cubic
centimetres of the infected sample.

Dr. Houston very fairly points out that he experimented
with vibrios which had been grown on an artificial medium
and not with organisms taken directly from the excreta of a
cholera patient ; also that the experiments were necessarily
conducted in a laboratory, the conditions being different from
those which would obtain if cholera vibrios were present in
a storage reservoir. He says that it is always dangerous to
argue from the particular to the general and to deduce from
the results of artificial laboratory experiments the results
likely to occur in natural conditions. He adds that the
moderate character of his conclusions will be accepted as
evidence of the careful manner in which he has sought to
guard against errors of this kind.

Division 2 of the report is concerned with the detailed
manner in which Dr. Houston devised methods by which
he could with certainty identify true cholera vibrios, and he
shows that by means of the technique which he specially
worked out he was able to isolate cholera organisms from
water if present in amounts as small as one per cubic centi-
metre. The following conclusions were arrived at :-

1. Cholera vibrios die very rapidly in raw Thames, Lea, and New
River water as the result of storage in the laboratory. At least 99’9 per
r cent. perished within one week, and in none of the experiments could
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any cholera vibrios (recognisable as such) be found even in 100 cubic
centimetres of water three weeks after its infection. In more than half
the experiments the results were negative by the second week (see
Division 1).

2. The isolation of cholera vibrios from artificially infected raw river
water presents no insuperable difficulties even when the number arti-
ficially added is very small, both actually and relatively to the bacteria
normally present in the river water (see Division 2).

3. On the other hand, microbes liable (after careful study) to be mis-
taken for true cholera vibrios were not found in comparable, but non-
infected, river water samples examined under precisely similar condi-
tions (see Division 2).

4. All that I have said in the past as regards the advantages of storing
river water from the point of view of typhoid fever applies to cholera,
and the time required to ensure reasonable safety in the former case is,
on the basis of these experiments, more than sufficient in the latter.

5. There are many circumstances which separately, and still more in
conjunction, tend to safeguard this country from a cholera invasion.
But no responsible authority can regard a cholera visitation as im-
possible, and, if it is possible, the part played by impure water in the
past in spreading the disease should not be forgotten. Fortunately,
even an initially impure water can, by adequate storage and efficient
filtration, be brought into a condition of reasonable, if not absolute,
safety.

6. In the particular case of the metropolitan water-supply there
remain four reassuring circumstances even in the extreme (and, it is to
be hoped, highly improbable) event of the raw sources of water-supply
ever becoming infected with cholera. Firstly, the cholera vibrios, even
if they were present in very few numbers, could be detected in the
river water by appropriate tests (see Division 2). Secondly, adequate
storage of the river water would eliminate the great majority, if not
all, of them (see Division 1). Thirdly, the final filtration process, if
efficient, would be an additional safeguard of proved value. Lastly,
as the result of my experience at Lincoln, I should not be unprepared
in any emergency to face the responsibility of sterilising the water-
- supply, if this was thought to be desirable, and so rendering it abso-
lutely safe for drinking purposes. The existence of large storage
reservoirs renders such a project quite feasible as a temporary
expedient.

7. Although by no means defending the choice of an impure river
water for waterworks purposes, the facts revealed in this report appear
none the less to be of a reassuring character and to form another link
in the chain of evidence which I have sought to establish-namely, that
by adequately storing the raw impure river waters which constitute
the chief sources of London’s water-supply, antecedent to their filtra-
tion, the safety of the metropolis as regards water-borne epidemic
disease (apart from the possibility of accidental infection at the works,
’or subsequently in the pipes) is almost, if not quite assured.

REPORT OF THE DEPARTMENTAL COM-
MITTEE ON THE WEST AFRICAN

MEDICAL STAFF.

FOR some time there has been dissatisfaction in the Wes
African Medical Staff, more especially in the junior ranks
as regards their prospects in the service, and owing to thi
and other circumstances candidates of a high class hav
applied for posts on the staff in insufficient numbers. Th<
Secretary of State for the Colonies therefore decided in 190f
to appoint a Departmental Committee to inquire into thE
duties, organisation, emoluments, and selection of officers foi
this service. The Committee, which began its labours in
November of last year, consisted of six members, three of
whom, including the chairman, Mr. H. I. Read, C.M.G.,were
officials of the Colonial Office, and three were medical
men-viz., Dr. Theodore Thomson, C.M.G., of the Local
Government Board ; Mr. W. H. Langley, C.M.G., prin-
cipal medical officer, Gold Coast; and Dr. J. K. Fowler,
’late Dean of the Medical Faculty, University of London,
and senior physician to Middlesex Hospital. The Committee
held 13 sittings, at which a number of witnesses were heard,
including Sir Patrick Manson, K.C.M.G., medical adviser
to the Colonial Office; Sir A. Keogh, K.C.B., Director-
General Army Medical Department ; Surgeon-General A. M.
Branfoot, L.M.S. ; Major Ronald Ross, C.B., F.R.S.,
professor of tropical medicine, University of Liverpool;
Professor W. J. R. Simpson, C.M.G., of King’s College
and the London School of Tropical Medicine; Lieutenant-
Colonel J. Will, R.A.M.C., formerly principal medical
officer, East Africa Protectorate, and others, some of
whom were past or present officers of the West African
Medical Staff. The report of the Committee has now been
published. It comprises some 24 printed folio pages and
contains a number of recommendations, in the forefront of
which prominence is given to the creation of an advisory
committee the functions of which should extend to East as
well as to West Africa. It is urged that this new body would
enable the Colonial Office to maintain closer relations with
the medical profession and with medical science, and would
be capable of offering expert advice to the Secretary of State
if he so desired it on questions connected with tropical
medicine and hygiene, including schemes for drainage and

water-supply, plans for preventing and stamping out

f epidemic disease, bacteriological work, &c. It would also
be able to advise as to selection of suitable candidates for

’’ appointments in the East and West African Medical Staffs,
and as to filling up vacancies by promotion in the senior

ranks of these services ; it would further advise as to courses
of study which medical officers should be called upon to
undertake before promotion to the higher grade. This

advisory committee, it is recommended, should consist of
six members, two of whom should be Colonial Office officials

representing East and West Africa, one of them acting as
chairman; the remaining four members should severally
represent tropical medical research, tropical hygiene,
medical science and practice, and general hygiene. It is
also recommended that if there should be available a retired
medical officer of senior rank of the West African Medical
Staff able to give the necessary attendance he should be
appointed an additional member of the committee.

Duties and organisation.&mdash;While of opinion that it is not

possible to make a complete distinction between the medical
and sanitary duties of the staff, the Departmental Committee
thinks that in the large towns such as Lagos, Accra, and
Freetown sanitary work may be assigned to special officers
who should give their whole time to such duties and who
should hold a diploma in public health or an equivalent
qualification. In out-stations, where the majority of medical
officers reside, these officials must also act as part-time
sanitary officers. The Committee advocates, in addition, the
appointment of a limited number of the senior officers to
devote themselves to the study of sanitation in West Africa,
who should make tours of inspection both in coast towns
and out-stations, making reports and if necessary recom-

mendations to the principal medical officer. The reports
would be forwarded by the latter to the Governor in extenso,
with such observations and criticisms as might be desirable.
The Committee does not favour the creation of boards of
health to advise the local governments on questions of
health and sanitation. It does not advise the appoint-
ment under prevailing conditions of a director-general of
the West African Medical Staff ; nor does it think that
the appointment of an inspector-general is at present
warranted. With regard to existing relations of the
staff to the executive government and its officers, there

appears to have been friction in the past, due, to some

extent, to the view held by certain administrative officers that
the medical department is subordinate to them and liable to
be called upon for any duty at the discretion of these admin-
istrative officers. It seems strange to hear that in West
Africa medical officers are regarded as having the smallest
amount of work to perform, and that therefore they may be
called upon in their so-called leisure hours to undertake
duties outside their profession without any additional
remuneration. There seems, too, to have been a practice of
some administrative officers entering, for example, in the

hospital visitors’ book criticisms which were deeply resented
by the medical officers. The Committee is strongly of

opinion that the medical staff should be as far as possible
restricted to their professional duties. It is pointed out that
if these officers are employed in other work during their
leisure hours they can take no share in the study and observa-
tion of clinical cases, original research, or other scientific
work. It is recommended that the principal medical officer
of each colony should be ex officio a member of the Executive
Council and also of the Legislative Council.

Emoluments.&mdash;The present scale of pay for medical officers
joining the staff is 400 per annum, rising by increments of
20 to &pound;500. Till now the prospect of attaining a higher
salary than this was to the majority exceedingly unfavour-
able. There are at present 167 officers of all ranks in the
service, of whom only 21 are in receipt of a salary of L600 or
more. Promotion is extremely slow, and naturally this con-
dition of affairs has given rise to great discontent. To deal
with this the Committee recommends the creation of a

new grade to be termed ’’first-class medical officers," with a
salary commencing at &pound;500, rising by annual increments of
L25 to &pound;600. Such of the medical officers who have com-
pleted five years’ service and who may be reported upon favour-
ably to the Government by the principal medical officer are
to be recommended for promotion to the rank of first-class
medical officer, subject to the condition that such officer
when next on leave will attend a course of study of not less
than three months’ duration, and subject to his obtaining a


